ABSTRACT OBJECTIVES This study describes the feasibility and accuracy of a novel computed tomography (CT) fractional flow reserve (FFR) technique based on alternative boundary conditions. BACKGROUND Techniques used to compute FFR based on images acquired from coronary computed tomography
FFR, the diagnostic accuracy of FFR CT ranges between 73% and 81% and has a sensitivity of 86% to 93% and a specificity of 54% to 79% (3, 4) , and its comparative cost effectiveness has been described previously (5, 6 ).
In CFD-based techniques, pressure and flow along the coronary tree are derived using 3 broad steps (7), as follows: 1) generation of an anatomical model using computed tomography (CT) data; 2) application of mathematical principles to derive coronary boundary conditions; and 3) use of a numerical solution which accounts for fluid dynamics to simulate flow and pressure.
In FFR CT , the boundary conditions are determined by allometric scaling laws and assumptions regarding coronary microvascular resistance (7) , and the numerical solution used to simulate fluid dynamics permits 3-dimensional (3D) pressure and flow evaluation in each pixel of the coronary tree.
In this paper, we describe a novel technique (CT-FFR) in which boundary conditions are derived by accounting for the structural deformation changes in the coronary lumen and adjacent aorta across the entire diastolic phase of the cardiac cycle (8, 9) . The numerical solution used to simulate fluid dynamics in CT-FFR is a reduced-order (1-dimensional) fluid model which permits evaluation of pressure and flow at each luminal cross-section of the coronary tree (10) .
Phantom feasibility studies using a pump connected to flexible tubes with various degrees of stenosis have demonstrated excellent correlation between CT-FFR and invasive FFR measurements (8, 9) . However the feasibility and diagnostic performance of CT-FFR in human populations and its incremental value compared with that of coronary CTA remain unknown. Our primary aim was to determine the feasibility and diagnostic accuracy of CT-FFR to detect functionally significant stenosis. Our secondary aim was to evaluate the incremental value of CT-FFR in coronary CTA. Fractional flow reserve was used as the reference standard. Patients underwent cardiac CT assessment using a 320-row detector CT scanner (Aquilion One Vision;
Toshiba Medical Systems Corp., Tokyo, Japan). The CT protocol consisted of calcium score followed by coronary CTA. All patients received sublingual nitroglycerine, and additional beta-blockers were administered to achieve a pre-scan heart rate of <60 Corp.) ( Figure 1 ). 3D models of the coronary tree were constructed from CT slice data using the FC03 reconstruction kernel (SurePlaque, Toshiba Medical Systems Corp.). Vessel centerline and luminal contours were automatically processed. Manual adjustments were performed as required.
Four CT images were reconstructed from the available phases (at 70%, 80%, 90%, and 99% of R-R interval). Each millimeter of the coronary tree from the vessel inlet to outlet (up to 1.8 mm in diameter)
was registered and permitted calculation of structural Values are % (n/N) or % (n). *Blood pressure >140/90 mm Hg or treatment for hypertension. †Total cholesterol >180 mg/dl or treatment for hypercholesterolemia. 
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Ko et al. For vessels with FFR #0.8, we assigned 1 for upward reclassification, À1 for downward reclassification, and 0 for vessels which did not change their risk Patients who had previously undergone revascularization or had had myocardial infarction were excluded from the study; for that reason, the accuracy of CT-FFR in these populations remains unknown. All scans were performed using 320-detector CT, and the feasibility of this technique applied to narrow detector CT is not known. Finally, the influence of heart rate, motion, and calcification, which may affect image quality and impact diagnostic performance, was not evaluated in this study.
CONCLUSIONS
Noninvasive FFR based on structural and fluid analysis using a reduced-order flow model is a highly reproducible technique. These pilot data suggest that Feasibility and Accuracy of CT-FFR -2 0 1 6 : ---
